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Abstract of EP1181993 

A method for manufacturing a multiple 
walled tube (4) comprising a rolling of a 
plated metal strip (1) through at least 
two complete revolutions to form a tube 
(4) having at least a double wall which 
has a plated layer (3) on the inside of 
the tube (4), said rolling being followed 
by a heating of the tube to cause the 
surface of the tube walls, which are in 
contact with one another (5), to be 
brazed and wherein said metal strip (1) 
is plated on one side (3), the other side 
being formed by the steel (2) of the 
metal strip and wherein said brazing is 
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realised by brazing directly on the 
plated side (3) on the steel (2). 
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(54) A method for manufacturing a multiple walled tube 



(57) A method for manufacturing a multiple walled 
tube (4) comprising a rolling of a plated metal strip (1) 
through at least two complete revolutions to form a tube 
(4) having at least a double wall which has a plated layer 
(3) on the inside of the tube (4), said rolling being fol- 



lowed by a heating of the tube to cause the surface of 
the tube walls, which are in contact with one another (5), 
to be brazed and wherein said metal strip (1) is plated 
on one side (3), the other side being formed by the steel 
(2) of the metal strip and wherein said brazing is realised 
by brazing directly on the plated side (3) on the steel (2). 
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Description 

[0001 ] The invention relates to a method for manufac- 
turing a multiple walled tube comprising a rolling of a 
plated metal strip through at least two complete revolu- 5 
tions to form a tube having at least a double wall which 
has a plated layer on the inside of the tube, said rolling 
being followed by a heating of the tube to cause the sur- 
face of the tube walls, which are in contact with one an- 
other, to be brazed. 

[0002] Such a method is known from FR - 1 .01 5.678. 
According to the known method, a metal strip plated at 
both sides with copper is used. Once the metal strip is 
rolled, the tube is heated in order to braze the copper at 
the contact faces between the walls of the tube. Zinc or 
tin could be used for the brazing in order to reduce the 
melting point of the copper. 

[0003] A drawback of the known method is that the 
metal strip is plated at both sides with copper. The cop- 
per layer at the outer side of the tube has no real tech- 
nical purpose. During the brazing process, the outer 
copper layer melts and the melted copper forms droplets 
on the outer tube wall leading to an unequal surface. 
M o reover, the outer copper layer reduces the heat trans- 
fer inside the tube when heat is applied by means of 
radiation or induction. The copper layer on the outer wall 
also imposes some manufacturing constraints such as 
the use of a black coating during the brazing process. 
As this black coating renders the brazing device dirty, a 
regular cleaning is required. When the tube is heated by 
applying a current to it by direct contact, the melted cop- 
per affects the electrical contacts at high temperature. 
[0004] An object of the present invention is to provide 
a method for manufacturing a multiple walled tube that 
is less cumbersome to manufacture without affecting 
the quality of the manufactured tube. 
[0005] For this purpose a method according to the in- 
vention is characterised in that said metal strip is plated 
on one side, the other side being formed by the steel of 
the metal strip and wherein said brazing is realised by 
brazing directly the plated side on the steel. By using a 
monoplated metal strip i.e. only plated at one side, the 
brazing is realised between the steel of the metal plate 
and the copper. As there is no longer copper on the outer 
tube wall, the copper can no longer form droplets on the 
outer side and thus not adversely affect the shape of the 
tube. The heat transfer towards the inner side of the tube 
is also improved, as the copper can no longer affect the 
thermal transfer. As the steel is on the outer side, there 
is no longer a problem of copper accumulation on the 
electric contacts during heating, if the latter is realised 
by means of direct electrical current. The method ac- 
cording to the present invention overcomes the techni- 
cal prejudice that in order to manufacture a multiple 
walled tube, a double plated metal strip needs to be 
used. The skilled person would not even consider to use 
a monoplated metal strip, since the prior art teaches to 
use double plated and to solve brazing problems by us- 



ing an additional layer such as tin or zinc which is su- 
perposed or forms an alloy with the copper layer. Sur- 
prisingly it has been found that if heat is applied by elec- 
tromagnetic induction, the copper layer on the outer side 
acts as an electromagnetic shielding for the steel and 
restricts considerably the heat transfer to the interface 
between the walls, where the brazing should be applied. 
By using a monoplated metal strip, there is no longer a 
copper layer acting as an electromagnetic shielding. 
Consequently, the heat transfer is considerably im- 
proved. Further it has also been surprisingly observed 
that Eddy current testing of the tightness of the tube is 
improved when applied on tubes manufactured accord- 
ing to the present invention. It has indeed been ob- 
served that the testing current mainly flows through the 
copper skin of the tube, to the detrimental of the metal 
layer. If no such a copper layer is present, the Eddy cur- 
rent is equally distributed over the steel, enabling a re- 
liable testing which leads to less erroneous test results 
and avoids unnecessary rejection of tubes. 
[0006] A first preferred embodiment of a method ac- 
cording to the invention is characterised in that said met- 
al strip is plated with copper, said copper being brazed 
to the steel of the strip. Copper being particularly suita- 
ble for brake-line tubes and being an appropriate mate- 
rial to braze. 

[0007] Preferably, said brazing is realised by passing 
the formed tube through a radiation furnace. 
[0008] Preferably said brazing is realised by applying 
an electric current by means of electrical contacts, con- 
tacting the steel surface. As already mentioned, the ab- 
sence of copper on the outer side enables to avoid ac- 
cumulation of copper on the electrical contacts. 
[0009] Preferably said brazing is realised by inducing 
an electric current into said tube. As no copper is present 
on the outer wall, the copper no longer acts as an elec- 
tromagnetic shielding. 

[001 0] The invention also relates to a method for plat- 
ing a metal strip to be used for manufacturing a multiple 
walled tube, wherein a steel sheet is immersed in a first 
electrolytic bath and consequently in a second electro- 
lytic bath, characterised in that the sheet is plated on 
both sides with a thin layer in the first bath, and plated 
on only one side in the second bath, the sheet being 
consequently immersed in a third electrolytic bath 
wherein the electrode has inverted polarity with respect 
to the one of the first and second bath. The inverted po- 
larity enables to remove the copper layer applied in the 
first electrolytic bath on the side concerned, leaving one 
side with bare steel. 

[0011] The invention will now be described in more 
details with reference to the drawings wherein : 

figure 1 shows a sectional view of a metal strip; 
figure 2 shows a sectional view of a tube obtained 
by application of the method according to the inven- 
tion; 

figure 3 shows at an enlarged scale a cross-section 
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through the wall of the tube; 
figures 4, 5, 6 and 7 show curves illustrating the 
heating power as function of the wall thickness; 
figure 8 and 9 show a first and a second preferred 
embodiment of a method for manufacturing a mon- 5 
opiated metal strip. 

[0012] In the drawings, a same reference sign has 
been assigned to a same or analogous element. 
[0013] Figure 1 shows a sectional view of a plated 
metal strip 1 . The strip is preferably made of metal such 
as steel or stainless steel. A copper layer 3 is applied 
on the steel 2 of the metal sheet in order to obtain a 
plated metal strip. A method for obtaining such a mon- 
oplated metal strip will be described in more details with 
reference to figures 8 and 9. Instead of applying copper 
to plate the metal strip, other metals or metal alloys 
could be used such as zinc, tin or nickel. In the further 
description the example of copper will be used for the 
sake of clarity. 

[0014] The plated metal strip 1 is used for manufac- 
turing a multiple walled tube 4 such as illustrated in fig- 
ure 2. Although figure 2 shows a double wailed tube, it 
will be clear that the invention is not limited to a double 
walled tube. Such a double walled tube is obtained by 
rolling the plated metal through two complete revolu- 
tions. For obtaining an n-walled tube (n > 2) n complete 
revolutions of the sheet are required. Upon rolling the 
tube, the copper layer 3 is situated at the inner side in 
order to form the inner tube wall. Consequently the steel 
side 2 forms the outer tube wall. This causes that at the 
interface 5 between two successive walls the copper 
layer 3 of an upper wall faces the steel side of the lower 
walls, as illustrated in figure 3. 
[0015] In order to obtain a tight tube, it is necessary 
to heat the rolled strips forming the tube, in order to 
cause the surface of the tube walls, which are in contact 
with one another, to be brazed. By using the monoplated 
metal strip, the copper layer will be brazed directly to the 
steel. Brazing copper to metal such as steel, stainless 
steel or iron, overcomes the technical prejudices that 
brazing should be realised by copper with copper or cop- 
per with tin, nickel or zinc. Brazing a steel strip with cop- 
per on one side and bare steel on the other side has 
surprisingly proven remarkable performances. Experi- 
ments have proven an excellent bonding of the walls. 
[001 6] Traditionally, the brazing is realised by passing 
the formed tube through a radiation furnace, also called 
muffle tubes. According to the known method, a black 
coating, which mainly comprises bitumen, is applied on 
the external side of the tube in order to improve the heat 
transfer. The drawback of using this black coating is that 
it considerably pollutes the brazing device thus requiring 
a frequent cleaning thereof. 

[0017] Experiments realised with the monoplated 
tube according to the invention, have surprisingly prov- 
en thatthe radiation heat transfer significantly improved. 
The absence of copper on the outer side of the tube has 



increased the heat transfer towards the brazing zone. 
The heat transfer was that efficient, that the black coat- 
ing was no longer required, what considerably reduced 
the pollution of the device and provided a cleaner tube. 
As less cleaning was required, a higher productivity 
could be obtained and consequently a reduction of the 
productions costs. 

[0018] Brazing can also be realised by using an in- 
duction coil for inducing electrical current into the tube. 
With this embodiment there is no direct contact between 
the tube and the inductive coil. By applying an electrical 
current to the induction coil, a magnetic field is created 
which on its turn, induces an electrical current into the 
tube. When the tube temperature is below the Curie 
point, the electrical current is concentrated at the skin 
of the tube. If a tube with copper on its outer side is used 
(conventional method) the current density is higher in 
the copper layer due to the better electrical conductivity 
of the copper with respect to the steel. Experiments 
have proven that the copper layer even acts as an elec- 
tromagnetic shielding for the induced current and reduc- 
es the energy transfer in the steel. 
[0019] Brazing could also be realised by applying di- 
rectly an electric current to the tube, for example by 
means of electrical conductor, rolls or sliding pads. The 
current is fed through the direct contact between those 
rolls or pads and the tube and forced to flow into the tube 
which acts as an electrical resistance. The heat devel- 
oped in such a manner in the tube will cause the copper 
to melt and braze with the steel. However, when accord- 
ing to the conventional method, there was also copper 
on the outer side, the latter copper also started to melt 
and got accumulated on the rolls or pads. Since accord- 
ing to the invention there is no longer copper on the outer 
side, that accumulation is avoided and power is saved 
as there is no longer power consumed to heat the cop- 
per on the outer layer. By having the steel surface on 
the outer side, the heating process is more reliable as 
the current flows through the steel towards the interface 
where the brazing is realised. 

[0020] Figure 4 illustrates the energy transfer as func- 
tion of the wall thickness of the double plated tube. The 
horizontal axis represents the wall thickness of the tube 
in micron meters and the vertical axis the energy density 
in 10 10 W/m 3 . The origin being the external side of the 
tube and 700ji the internal side of a double walled tube. 
In this example, the measurements have been carried 
out on a tube where induction was used for brazing. As 
can be seen in this figure 4, for a density situated be- 
tween 0 and 3 u, the graph shows a peak in heating en- 
ergy at the external copper coating. This signifies that a 
high amount of energy is required to heat up the external 
copper layer i.e. to cross the copper layer. When the 
steel level has been reached, the energy transfer is sub- 
stantially reduced. The copper layer thus acts as a mag- 
netic shielding for the steel and restricts consequently 
the heat transfer. Moreover, it results in the sublimation 
of some copper which deposits again on the cold parts 
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of the induction coils. 

[0021] The figures 5, 6 and 7 show curves where a 
comparison is made between monoplated steel tubes 
(Cu/Fe) and double plated steel tubes (Cu/Cu) using in- 
duction at 1 00 KHz, 200 KHz and 400 KHz respectively. 5 
As can be seen the peak due to the copper outer layer 
is not present for a monoplated steel tube. Moreover, 
the curve shows a continuous pattern over the whole 
thickness of the tube. The higher the frequency of the 
induction heating, the higher is the gap between the mo- 
no- and double plated tube at its outer skin. 
[0022] A main application of a multiple walled tube be- 
ing the brake lines for automotive. This application im- 
poses a high quality standard on the tube i.e. without 
any hole, lack of brazing or pin-holes. The quality of the 
tube is controlled by using an Eddy current tester. This 
equipment is a non-destructive test, based on high fre- 
quency current induced into the tube. One coil induces 
the current and a second coil, placed downstream the 
first coil, picks up the induced current. The current in the 
first and second coil being compared with each other in 
order to detect a distortion between the two signals in- 
dicating a production failure. 

[0023] The main difficulty to operate such an Eddy 
current tester in a reliable manner originates from the 
physics of the tooling. Indeed, by using high frequency 
to generate a test current into the tube, the law of phys- 
ics implies that the test current mainly flows through the 
tube skin. When a double plated steel is used, the out- 
side copper layer forms the main current path for the 
test current to the detriment of the rest of the material. 
Moreover, any deviation into the thickness of the copper 
layer increases the noise in the test signal. With the tube 
according to the present invention, where no copper is 
present on the outer layer, the test current is concentrat- 
ed into the critical area of the tube to be tested. No noise 
was surprisingly recorded in the test signal enabling to 
increase the sensitivity of the test equipment. 
[0024] Another advantage of the present invention is 
that the application of a sacrificial layer such as zinc, 
galfan or aluminium for enhancing the corrosion resist- 
ance, can be realised in an easier manner. When the 
sacrificial layer was appiied on the copper layer, as it is 
the case according to the prior art, very detrimental elec- 
trochemical cells could be created between the iron, the 
copper and the sacrificial layer. Those cells were speed- 
ing up the dissolution of the sacrificial cell. 
[0025] If the sacrificial layer was deposited with a hot 
dip process, it has been observed that the copper layer 
could not completely alloy with the sacrificial layer and 
that the copper migrated to the skin of the sacrificial lay- 
er by small chimneys. At thefinal stage, when an organic 
protection layer such as nylon was applied on the sac- 
rificial layer, for example by extrusion orpowdercoating, 
those chimneys formed gas pockets creating a pressure 
on the organic layer which produced bubbles at the sur- 
face of the organic layer. The use of a monoplated strip 
avoids those problems since the outer copper layer of 



the tube is no longer present. 
[0026] Moreover, using hot dip techniques with a tube 
having copper on its outer side, the copper is in direct 
contact with the melted metal for the sacrificial layer. 
This direct contact leads to a copper pollution of the 
coating material. By using a bare steel tube, the liquid 
metal is no longer polluted and neither will be the sacri- 
ficial layer. 

[0027] Figure 8 shows a first embodiment of a device 
enabling to produce a monoplated steel strip. The de- 
vice comprises three successive electrolytic baths 11, 
1 2 and 1 3 through which the metal strip 1 0 travels. The 
first bath 1 1 and the third bath 1 3 are preferably cyanide 
based baths, whereas the second bath 12 is an acid 
based bath. Instead of cyanide based baths, pyrophos- 
phate baths could also be used. Each bath comprises 
a set of anodes 14,15 and 1 6. The anodes 1 5 and 1 6 
face one side of the strip whereas anode 14 faces the 
other side of the strip. 

[0028] In the first 11 and second 12 bath a positive 
voltage is applied on the anodes once the strip 10 is 
grounded or at a negative voltage. The cyanide based 
electrolytic first bath 1 1 causes a thin copper layer of for 
example 0,2 \i to apply on both sides of the strip. In the 
second bath 12 the anodes 14 are shielded in order not 
to apply a copper layer on the steel strip side facing 
those electrodes. The acid based bath causes a further 
copper layer of for example 3 p. to be applied on the side, 
facing the electrodes 15 and 16. 
[0029] In the third cyanide based bath 1 3, the polarity 
is inverted. Either a negative voltage is applied on the 
electrodes 14, or they are grounded whereas a positive 
voltage is applied on the strip. This inverted polarity 
causes the total removal of the copper layer facing the 
anodes 14 and of the thin film of for example 0,2 \l of 
the side. In such a manner a monoplated strip is ob- 
tained. 

[0030] Figure 9 shows another embodiment where 
the steel strip 1 0 is wound around a drum 1 7. An anode 
18 is placed in a bath 19. As only one face is in contact 
with the bath, a monoplated steel strip is formed. 



Claims 

1 . A method for manufacturing a multiple walled tube 
comprising a rolling of a plated metal strip through 
at least two complete revolutions to form a tube hav- 
ing at least a double wall which has a plated layer 
on the inside of the tube, said rolling being followed 
by a heating of the tube to cause the surface of the 
tube walls, which are in contact with one another, 
to be brazed, characterised In that said metal strip 
is plated on one side, the other side being formed 
by the steel of the metal strip and wherein said braz- 
ing is realised by brazing directly the plated side on 
the steel. 
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2. A method for manufacturing a multiple walled tube 
as claimed in claim 1 , characterised In that said 
metal strip is plated with copper, said copper being 
brazed to the steel of the strip. 

5 

3. A method as claimed in claim 1 or 2, characterised 
in that said brazing is realised by passing the 
formed tube through a radiation furnace, 

4. A method as claimed in claim 1 or 2, characterised 10 
in that said brazing is realised by inducing an elec- 
tric current into said tube. 

5. A method as claimed in claim 1 or 2, characterised 

In that said brazing is realised by applying an elec- 1$ 
trie current by means of electrical contacts contact- 
ing the steel surface. 

6. A method for plating a metal strip to be used for 
manufacturing a multiple walled tube, wherein a 20 
steel sheet is immersed in a first electrolytic bath 
and consequently in a second electrolytic bath, 
characterised in that the sheet is plated on both 
sides with a thin layer in the first bath, and plated 

on only one side in the second bath, the sheet being 25 
consequently immersed in a third electrolytic bath 
wherein the electrode has inverted polarity with re- 
spect to the one of the first and second bath. 

7. A method as claimed in claim 6, characterised in 30 
that said first and third bath are cyanide based 
baths and said second bath being acid based. 
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